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(54) METHOD FOR GROWING CARBON NANOTUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for growing a 
carbon nanotube on a silicon substrate. 

SOLUTION: In the method for growing a carbon nanotube in which 
hydrocaron is reacted with the surface of a silicon substrate in the 
presence of a catalyst, and a carbon nanotube is grown, the above 
catalyst consists of the oxide of a transition metal. By using the oxide 
of the transition metal as a catalyst, the carbon nanotube can 
efficiently be grown on to the silicon substrate. Thus, the method can 
be applied to a process where the carbon nanotube is formed on the 
specified position of the silicon substrate, and the carbon nanotube is 
bonded with the other silicon element, and can bring a great 
improvement on the application of the carbon nanotube to the 
element. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the carbon nanotube growth approach which forms a carbon nanotu 
alternatively on a silicon substrate. Main Field of the Invention is production using a carbon nanotube of a detailed 
component. 
[0002] 

[Description of the Prior Art] Though the diameter of a carbon nanotube is a nano meter scale, die length has the 
structure where a limit is not received and the application to various fields from having a property mechanical and 
unique in electronic physical properties is considered. 

[0003] Since it becomes in semi-conductor also metallically with structure or a diameter especially, playing a role 
important for construction of the electronic device of nano size is expected. When the application to an electronic 
device is considered, it becomes important to control a location and size and to form a carbon nanotube on a silicon 
substrate. 

[0004] CVD (chemical vapor deposition) to which the growth technique of the carbon nanotube to the conventional 
silicon substrate top makes transition metals a catalyst, and a hydrocarbon is made to react at the temperature of abou 
600-1000 degrees C ~ law is used. There is a plasma-CVD method which uses together the CVD method and plasm 
of only a pyrolysis of a hydrocarbon in this. 

[0005] As a metal catalyst, iron, cobalt, nickel, and those mixture are used well. These metals are vapor-deposited to 
silicon substrate, a thin film is formed, by heat-treating it, it changes into a particle, and puts to hot hydrocarbon gas, 
and a carbon nanotube is grown up. 

[0006] Moreover, the particle of these transition metals produced by the option is made to adhere to a direct silicon 
substrate, it puts to hot hydrocarbon gas similarly, and a carbon nanotube is grown up. When these metal catalysts ar 
on a silica or silicon oxide, a carbon nanotube grows efficiently. However, when a catalyst metal is vapor-deposited 
a direct silicon substrate or a catalyst particle is made to adhere, the probability is very low, even if a carbon nanotub 
does not grow at all or it grows up. 

[0007] If the application to an electronic device is assumed, it is required to grow up a direct nanotube from the parti 
catalyst formed in the specific location of a silicon substrate. However, since a carbon nanotube grows efficiently on 
on oxide with the conventional technique, the problem of receiving constraint is in combination with a silicon 
component. For example, there is a problem that silicon and a carbon nanotube cannot be coupled directly, without 
minding oxide and wiring. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention tends to solve the above-mentioned problem in the 
conventional carbon nanotube growth approach, and tends to offer the approach of growing up a carbon nanotube on 
silicon substrate. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the carbon nanotube grow 
approach by this invention makes a hydrocarbon react under existence of a catalyst on a silicon substrate, and it is 
characterized by said catalyst being the oxide of transition metals in the carbon nanotube growth approach of growin 
up a carbon nanotube. 
[0010] 

[Function] The oxide thin film and particle of the transition metals placed on the silicon substrate are returned 
according to an elevated temperature, for example, heat treatment of 600 degrees C or more. Since the silicon oxide 
thermodynamically more stable than a transition-metals oxide as for this, it is because association with oxygen and a 
metallic element goes out and association of oxygen and silicon is formed. 

[0011] For this reason, a silicon oxide is formed in the interface of the transition metals and the silicon substrate whi 



were returned. Although the cause by which the carbon nanotube growth by transition metals cannot take place easil 
on a silicon substrate is not clear, it is expected that formation of the silicide in the interface of transition metals and 
silicon substrate is involving. Since the reaction of the transition-metals element in an interface and silicon is control 
by the newly formed silicon oxide when a transition-metals oxide is used, it is thought that an operation of the 
transition metal catalyst on it is not lost. 

[0012] That is, if the oxide of transition metals is used for a silicon substrate, the same situation as the case where a 
transition metal catalyst is used on a silicon oxide can be made. And since a silicon oxide is formed in self align 
between a transition metal catalyst and a silicon substrate, it is not necessary to oxidize a silicon substrate beforehand 
or to perform patterning of the oxide film for growing up a carbon nanotube Dartiallv 
[0013] ^' 

[Example 1] As a concrete example, the conditions which form a carbon nanotube on a silicon substrate are explaine 
using process drawing of drawing 1 . That is, the silicon substrate which pretreated washmg etc. is made to distribute 
the iron-oxide (Fe 203) particle ( drawing 1 (a)) and whose average diameter are 20nm. At this time, it may leave th 
natural oxidation film of the front face of a silicon substrate, and an oxide film may be removed by rare fluoric acid a 
pretreatment ( drawing 1 (b)). 

[0014] Moreover, the thin oxide film which carried out chemistry oxidation with the mixed liquor of a sulfiiric acid a 
a hydrogen peroxide etc. may be formed. These thin oxide fihns can be evaporated by heating at 800 degrees C or m 
m rare gas or a hydrogen ambient atmosphere. 

[0015] An example of an iron-oxide particle variational method is described below. The ferrous-oxide particle of 
optimum dose is put into ethyl alcohol, and it agitates well so that a lump may not remain. A silicon substrate is sunk 
into this. At this time, decentralization of a particle may be promoted using an ultrasonic washer. 
[0016] Next, pure water washes the silicon substrate to which the iron-oxide particle adhered, and the lump of an 
excessive particle is removed ( drawing 1 (c)). According to the approach used conventionally, a carbon nanotube is 
grown up after this ( drawing 1 (d)). 

[0017] Here, the example which used the pyrolysis CVD of methane is described. The silicon substrate to which the 
u-on-oxide particle was made to adhere is s6t to a CVD furnace, and the temperature up of the argon gas is carried ou 
to 900 degrees C which is growth temperature with a sink. If temperature is stabilized, it will change to the mixed ga 
containing methane or methane, and a carbon nanotube is grown up. 

[0018] It is returned in early stages of the growth process of the inside of the first temperature up process, or a carbo 
rianotube, and the ferrous-oxide particle is an iron particle, and acts as a catalyst. After growing up a predetermined 
time amount nanotube, material gas is again changed to rare gas, and is lowered. In addition, even if it used the oxide 
particle of mckel. or cobalt instead of the ferrous-oxide particle, there was same effectiveness. That is, according to th 
invention, the particle more than a kind chosen fi-om a ferric acid ghost, cobalt oxide, and a nickel oxide can be used 
good as said catalyst. 

[0019] Although the above example explained the case where an iron-oxide particle was used, the same effectivenes 
can be expected also when the oxide of transition metals is used as a thin film. That is, also in the case of a thin film 
oxide is returned by heat treatment in an elevated temperature, it changes to the particle of transition metals, and a ' 
silicon oxide remains alternatively to the interface of a metal particle and a silicon substrate. Therefore, the same 
effectiveness as the case where an oxide particle is used arises 
[0020] 

[Effect of the Invention] As stated above, a carbon nanotube can be efficiently grown up on a silicon substrate by usi 
transition-metals oxide as a catalyst. Therefore, it can apply to the process which forms a carbon nanotube in the 
specitic location of a silicon substrate, and is combined with other silicon components, and a great advance can be 
brought to component application of a carbon nanotube. 



[Translation done.] 



